The optical flow algorithms provide a sparse set of ranges as a function of azimuth and elevation. A natural way to enhance the range map is by interpolation. However, this should be undertaken with care since interpolation assumes continuity of range. The range is continuous in certain parts of the image and may jump at object boundaries. In such situations, the ability to detect homogeneous object regions by scene segmentation may be used to determine regions in the range map which can be enhanced by interpolation. This paper describes an image segmentation method based on scalar texture measures. A neural net approach for image segmentation based on scalar texture measures is discussed. The generalization of the netwok approach to subsequent images in the sequence is examined. It is shown that a cascade of neural networks, where each neural network is trained on a single scalar texture measure, can be used for image segmentation. Finally, the segmentation achieved by the various methods is shown for an image sequence.
I. INTRODUCTION
Images from electro-optical sensors provide a covert way of detecting objects in the flight path of a low-flying helicopter. A sequence of images is processed using techniques based on optical flow and recursive estimation to compute object location information, referred to as range map, in the field of view of the sensor[l, 21. The range map can be used either for the guidance of the helicopter in an automatic system or for display to a pilot. For guidance and display purposes, these discrete set of ranges need to be grouped further into sets which correspond to objects in the real world. The optical flow algorithms provide a sparse set of ranges as a function of azimuth and elevation. Figure 1 represents the first image in a sequence of 80 images. Figure 2 shows a range map computed using the optical flow approach where the white squares represent regions in the image where range information is available. It may be noted that this sparse set corresponds mostly to object boundaries.
A natural way to enhance the range map is by interpolation. However, this should be undertaken with care since interpolation assumes continuity of range. The range is continuous in certain parts of the image and may jump at object boundaries. In such situations, the ability to detect homogeneous ob ject regions by scene segmentation followed by selective probing by an active sensor can be used to fill gaps in the range map.
In the published literature several methods have been proposed for scene segmentation. A brief review of some of the methods is available in [3] . Several scene segmentation methods use matrix or scalar texture features. Research on the use of texture for image segmentation is motivated by the classification problems associated with neural network to identify transient operating conditions in nuclear power plants. Franklin 
METHODOLOGY
The goal of this research was to develop an innovative, proactive, maintenance implementation technique --an integrated learning, monitoring, and recognition methodology that can be used to monitor system behavior adaptively and provide an early warning of possible faults. Figure 1 shows the system concept of the proposed methodology, an integrated learning, monitoring, and recognition technique, for a proactive maintenance system. The cerebellar model articulation controller (CMAC) is used to adaptively learn machine behavior and a pattern discrimination model (PDM) based on the CMAC is used to monitor, recognize, and quantify behavioral changes. The PDM serves as a watchdog to monitor the behavior of the machine by using a confidence value that represents the conditional probability of degradation. The fault then can be detected by comparing the confidence value of the PDM output with a threshold confidence value.
The author proposes to use the CMAC as a realtime data acquisition and learning tool for the behavior of the actuators and sensors when a system is in operation. The unique part of this approach is the use of CMAC to learn the good or normal patterns under different working conditions rather than to learn the bad or wrong patterns. In many cases, it is very difficult to create the bad and wrong conditions for a machine during training.
CMAC
The CMAC [18-211 is essentially a clever adaptive table lookup technique for representing complex, nonlinear functions over multidimensional, discrete input spaces. It reduces the size of the lookup table through hashing-coding (many-into-few mapping); provides for response generalization and interpolation through a distributed, topographic representation of the inputs; and learns the appropriate nonlinear function through a supervised learning process that adjusts the content or weight of each address in the lookup table.
In the CMAC architecture, each discrete input S maps to many locations in the memory (one "location" contains a vector of the same dimension as P and the function F(S) is computed by summing the values at all of the locations mapped to by S . The set S of input vectors is mapped onto the random table locations, which are then mapped by hashing onto a much smaller set weight table. This mapping scheme has the advantage of providing automatic interpolation (generalization) between input states in the space S (similar inputs produce similar outputs).
Briefly speaking, the CMAC can be described as a computing device which accepts an input vector S=(S,,S, ,..., S,) and produces an output vector
P=F(S).
To compute the output vector P for a given input state S, pair mapping is performed, namely 
PAZTERN DISCRIMINAl7ON MODEL (PDM)
To perform pattern recognition and discrimination tasks, a pattern discrimination model, based on the confidence checking of the CMAC output, is developed. In Figure 2 , a confidence table is used in parallel with the weight table. During the CMAC training, the data stored in the weight table will activate a "1" value in the confidence table during training. These stored memory locations represent the desired or normal behavior of the machine. During the actual operations, the identical behavior will map to the same memory location in a weight Then, a 50 percent [100*(1+ 1 +0+0)/4=5Opercent] confidencevalueis obtained.
The confidence value presented here represents a conditional probability of behavioral degradation. If these values can be monitored in an incremental time interval, then the rate of degradation can be calculated. The rate of changes will suggest the urgency of the maintenance.
EXPERIMENTATION
The new machine behavioral learning, degradation monitoring, and fault detection technique was tested and implemented in monitoring degradation in the accuracy of a robot. To examine the developed CMAC-PDM and to investigate its capability for monitoring degradation and detecting faults, seven different degradation test pattems were generated by adjusting the backlash screws of the robot arms and wrist. In this experiment, the position accuracy and path straightness were used as evaluation criteria for measuring robot performance Before adjusting the backlash of the robot arm, a set of path straightness and position accuracy data was generated to train the CMAC by programming a robot to follow the taught path pattern. There are three different movements for both +/-direction at each of five taught positions. There are 13 inputs (1 for position number and 12 for position/straightness data) for CMAC training for each position.
TEST RESULTS
A degraded test pattern was generated by introducing different levels of backlash adjustment.
Seven adjustments were made in this experiment, with each level of adjustment representing a different degree of degradation (see Figure 4 ) . These sets of patterns were used to test the CMAC-PDM and to investigate its capability in monitoring degradation . 
CONCLUSION
This paper presents a concept for using neural networks to monitor machine degradation and detect faults. Since degradations generally occur before failures, monitoring the trends of machine degradation allows the degraded behavior or faults to be corrected before they cause failure and machine breakdowns. A novel proactive implementation technique, namely, a pattern discrimination model (PDM), based on the cerebellar model articulation controller (CMAC) has been developed and refined. Experimentation has been used to demonstrate the feasibility of this technique.
In conclusion, the developed methodology has demonstrated an adaptive capability in providing an active and quantitative performance indicator that enable the maintenance personnel to perform early fault diagnosis and effective maintenance. 
